is slightly hyperosmolar relative to plasma, might induce development of hypernatremia or an osmotically driven increase in stool output, especially in infants and young children. [4] [5] [6] For this reason, pediatricians in some developed countries recommended that the sodium content of ORS be reduced to 60 mEq/L, with a total osmolarity of 250 mOsm/L. 7 (In the United States, the leading brands have an even lower sodium and a higher glucose concentration, and therefore do not conform to the WHO recommendations.)
Recent efforts to improve the efficacy of ORS have focused on solutions with reduced osmolarity (range of sodium, 60-75 mEq/L and range of glucose, 1351-1622 mg/dL [75-90 mmol/L]). 8 These solutions generally preserve the 1:1 molar ratio of sodium to glucose that is crucial for efficient cotransport of sodium but present a lower osmolar load to the intestinal tract than the old formula did. Animal 9 and human studies [10] [11] [12] [13] indicate that such solutions might be better designed for optimal water and electrolyte transport into the blood stream. In these intestinal perfusion studies, [10] [11] [12] [13] solutions with reduced osmolarity have been demonstrated to have improved net water absorption and equivalent net sodium absorption compared with standard ORS. 10 A number of clinical trials have been performed in children with acute noncholera diarrhea and in children and adults with cholera. 6, [14] [15] [16] [17] The results of these trials were reviewed in a meeting of experts held in New York on July 18, 2001 18 and summarized in an independent meta-analysis involving 15 studies and 2397 patients. 15 The metaanalysis concluded that, "In children admitted to hospital with dehydration associated with diarrhea, reduced osmolarity rehydration solution is associated with reduced need for unscheduled intravenous infusions, lower stool volume, and less vomiting compared with standard WHO rehydration solution." 15 Similarly, the expert meeting concluded, "For adults with cholera, a reduced osmolarity ORS solution with 75 mmol/L of sodium and 75 mmol/L of glucose is as effective as standard WHO/UNICEF ORS solution." 18 However, some patients with severely purging cholera in an earlier trial that used a solution with 67 mEq/L of sodium did develop asymptomatic hyponatremia 19 and, thus, some concern remained about the possible risk of symptomatic hyponatremia with a 75-mEq/L solution. This concern was not considered sufficient to prevent the use of this solution to treat adults with cholera. It was agreed, however, that the incidence of symptomatic hyponatremia in patients should be monitored when the reduced osmolarity ORS was first introduced for routine use. 18 This conclusion was confirmed in a recently published Cochrane meta-analysis. 20 Following this recommendation, the International Centre for Diarrhoeal Disease Research Bangladesh (ICDDRB): Centre for Health and Population Research, Dhaka, Bangladesh, decided to (1) introduce the new ORS formulation for routine use at its Dhaka (urban) and Matlab (rural) hospitals for treatment of patients with diarrhea, and (2) to conduct surveillance (phase 4 study) to monitor the occurrence of symptomatic hyponatremia (altered consciousness, seizures, or both associated with biochemical hyponatremia) or other unexpected events while using the new formulation.
METHODS

Study Sites
The study was performed at the Dhaka and Matlab hospitals of ICDDRB: Centre for Health and Population Research over a complete 1- Dehydration status of the patients was assessed by a senior nurse at the registration desk following the WHO guidelines 21 modified for use in the ICDDRB hospitals. Some dehydration was defined as the presence of at least 2 signs or symptoms (irritable or less active, sunken eyes, dry mucosa, thirst, reduced skin turgor) with at least 1 key sign (irritable or less active, thirst, or reduced skin turgor). Severe dehydration was defined as the presence of signs or symptoms of some dehydration with at least 1 key sign (lethargy or coma, unable to drink but not refusal, or uncountable or absent radial pulse). Patients with complications on admission (lethargy, altered consciousness, convulsion, or other chronic illnesses) and those patients with associated severe illnesses (pneumonia, sepsis, meningitis, shigellosis, or typhoid fever) that required special care and multiple interventions were excluded from the study.
Procedures
All patients received the new reducedosmolarity ORS, with the following salt concentrations: sodium, 75 mEq/L; chloride, 65 mEq/L; potassium, 20 mEq/L; and citrate, 290 mg/dL. The solutions for infants aged 6 months or younger used glucose (1351 mg/dL [75 mmol/L]) as the carbohydrate substrate, and the solutions administered to older children and adults used rice powder (40 g/L) as the carbohydrate source in accordance with the standard policy of the ICDDRB. The osmolarity of the glucose solution was 245 mOsm/L, and the osmolarity of the rice ORS was 170 mOsm/L.
Case Detection and Management
Patients who developed seizures or altered consciousness during their hospitalization in the short stay ward were transferred to the long stay ward or the special care ward, where they were clinically assessed and laboratory investigations performed to determine the cause of their symptoms, such as hypoglycemia (blood glucose, Ͻ40 mg/dL [Ͻ2.2 mmol/L]), hyponatremia (serum sodium, Ͻ130 mEq/L), or hypernatremia (serum sodium, Ͼ150 mEq/ L). In children younger than 2 years, altered consciousness was defined as an abnormally sleepy child who responded to painful stimuli. Altered consciousness among older children and adults was defined as those individuals who were drowsy but who responded to vocal commands.
Protocol for Treatment of Seizure
A standardized protocol was used at both study sites for treatment of patients developing seizures or altered consciousness. Patients were immediately transferred to the long stay or special care wards, an intravenous line was established, and blood glucose was measured from a fingerstick blood sample by using a bedside glucose monitor. Additional venous blood samples were obtained for measurement of serum electrolytes, calcium, and magnesium at the clinical laboratories of the ICDDRB. If a patient was hypoglycemic, he or she was administered intravenous glucose (2.0 mL/kg of 25% glucose). If a patient was not hypoglycemic or if a patient who was hypoglycemic did not respond to the initial glucose infusion, diazepam was slowly administered intravenously to a maximum dose of 0.3 mg/kg. If the seizure persisted, the dose of intravenous diazepam was repeated and phenobarbitone was added (15-20 mg/kg loading dose, followed up with 5 mg/kg per day as maintenance dose in 2 divided doses). After control of the seizure, a spinal tap was performed in patients who were febrile to exclude meningitis, and a venous blood sample was sent for culture to exclude septicemia. A chest radiograph was performed to exclude pneumonia when clinically indicated. Stool cultures for Shigella, Salmonella, and Vibrio species were performed to look for common bacterial causes of diarrhea, although some patients had received antimicrobial drugs while being treated in the short stay ward because of a clinical diagnosis of cholera or shigellosis. Patients with severe hyponatremia (serum sodium, Յ120 mEq/L) were treated with 3% sodium chloride (12 mL/kg over a 4-hour period) along with restriction of plain water. Follow-up serum sodium estimations were performed if required, according to the patients' response. Patients who were hypernatremic with diarrhea were treated using the study ORS but with provision for water ad lib. Patients suspected of having other infections, including sepsis, were treated with parenteral ampicillin plus gentamicin (infants aged Յ2 months) or ceftriaxone plus gentamicin (patients aged Ͼ2 months) for 7 days.
Comparison Group
Because this was not a controlled study, we reviewed the hospital records of all patients admitted to the long stay or special care wards of the Dhaka hospital in the previous year (December 1, 2001 1, -November 30, 2002 . Those patients initially admitted to the short stay ward who stayed for at least 8 hours but subsequently developed neurological symptoms (seizure or altered consciousness) and were transferred to the long stay or special care wards were included for comparison.
Data Analysis
All data were collected on case report forms, edited, entered into a personal computer, and analyzed on completion of the study using statistical software (SPSS version 10, SPSS Inc, Chicago, Ill). All episodes of seizure or altered consciousness were identified and recorded, and their association with abnormal levels of serum sodium or glucose was determined. Denominators were the number of children with diarrhea admitted to the short stay wards at the 2 hospitals during the study period, taken from hospital records. The main outcome measure of the study was the incidence of seizures or altered consciousness due to hyponatremia during hospitalization. Hospital records from the Dhaka hospital in the past year were also reviewed to allow comparison of the incidence of symptomatic hyponatremia in the current study period with that of the previous year using 2 test. Odds ratio was calculated to estimate the risk of symptomatic hyponatremia using the reduced osmolarity ORS. PϽ.05 was considered statistically significant.
RESULTS
In total, 53 280 patients with diarrhea were monitored at the 2 hospitals (43 700 at the Dhaka hospital and 9580 at the Matlab hospital) during the study period, with 22 536 children aged younger than 60 months. For the comparison period, 48 511 patients were admitted to the short stay ward. Proportionately more male children presented to both hospitals, which might reflect the health-seeking behavior of the Bangladeshi people with a male preference. 22, 23 The majority of children 5 years or younger at the Dhaka hospital experienced some dehydration (59%); 12% had severe dehydration and 29% had no sign of dehydration. At the Matlab hospital, 66% of the children of the same age group were admitted with no sign of dehydration (TABLE 1) . Among older children and adults, most were admitted with either some dehydration (48% at Dhaka hospital and 53% at Matlab hospital) or severe dehydration (47% at Dhaka hospital and 27% at Matlab hospital). Most children younger than 3 years were brought to the hospital with a history of diarrhea of 2 to 7 days, and most older children (Ͼ3 years) and adults attended within 24 hours of the onset of diarrhea (TABLE 2) . Younger children had less severe diarrhea, most likely of viral etiology, 24 which would account for the delay in seeking hospital admission.
Twenty-four patients at the Dhaka hospital and 7 at the Matlab hospital developed seizures or altered consciousness during the study, and 54 such patients were identified from Dhaka hospital in the comparison period 1 year earlier (TABLE 3) . None of the children older than 3 years or adults treated with the reduced osmolarity ORS developed neurological symptoms associated with hyponatremia. However, during the comparison period, 7 patients older than 3 years developed altered consciousness associated with hyponatremia, of whom 4 were adults. During the study period, 24 children aged 3 years or younger experienced seizures or altered consciousness associated with hyponatremia (21 at the Dhaka hospital and 3 at the Matlab hospital). In the comparison period, 40 patients aged 3 years or younger were identified with symptoms of seizure or altered consciousness associated with hyponatremia.
The overall rate of symptomatic hyponatremia was 0.05% (21/43 700; 95% confidence interval [CI], 0.03%-0.07%) at the Dhaka hospital and 0.03% (3/9580; 95% CI, 0.01%-0.09%) at the Matlab hospital. The overall rate in the comparison period across all age groups was 0.10% (47/48 511; 95% CI, 0.07%-0.13%). Statistical comparison of the incidence rate of symptomatic hyponatremia in the Dhaka hospital between the study vs comparison periods revealed a statistically significant 50% lower incidence of symptomatic hyponatremia in the study period ( 2 =6.80; odds ratio, 0.50; 95% CI, 0.29-0.85; P=.009). Combining the data from the 2 hospitals, the rate was 0.12% (24/20 090; 95% CI, 0.08%-0.18%) for those children aged 3 years or younger; 0.19% (8/ 4156; 95% CI, 0.10%-0.38%) for those aged 6 months or younger; and 0.10% (16/15 934; 95% CI, 0.06%-0.16%) for those aged 7 to 36 months, following the introduction of the new formulation of ORS. Because patients presenting with severe dehydration are at greatest risk of developing symptomatic hyponatremia while being treated with reduced osmolarity ORS, a subgroup analysis excluding patients with no or some dehydration was performed. The incidence rate during the study period (combined data from Dhaka and Matlab hospitals) was 0.15% (24/16 077; 95% CI, 0.10%-0.22%).
In the 2 hospitals, 7 patients developed seizure or altered consciousness without hyponatremia (Table 3) . In 3 patients, symptoms were associated (27) *Some dehydration status is defined as the presence of at least 2 signs or symptoms (irritable or less active, sunken eyes, dry mucosa, thirst, reduced skin turgor) with at least 1 key sign (irritable or less active, thirst, or reduced skin turgor). Severe dehydration status is defined as the presence of signs or symptoms of some dehydration with at least 1 key sign (lethargy or coma, unable to drink but not refusal, or uncountable or absent radial pulse). 
COMMENT
The results of our large, phase 4 clinical surveillance study demonstrate that the occurrence of symptomatic hyponatremia in older children and adults with diarrhea who are treated with the reduced osmolarity ORS formulation recently recommended by WHO and UNICEF is extremely rare. None of more than 30 000 older children or adults developed symptomatic hyponatremia. Among younger patients (Յ3 years), a few developed neurological symptoms associated with hyponatremia while being treated with the new ORS formulation. However, the rate of symptomatic hyponatremia was not higher but rather lower than the rate of symptomatic hyponatremia during the previous year when the older ORS formulation containing a higher amount of sodium was used. Even when patients with diarrhea with no or some dehydration who were less likely to develop symptomatic hyponatremia while being treated with reduced osmolarity ORS were excluded, the incidence rate was still very low. At these hospitals, fecal specimens are cultured from every 50th patient (a 2% systematic sample) to characterize the etiological agents causing diarrhea. This surveillance demonstrates that approximately 20% of the patients have culture-documented cholera, and the rate has remained reasonably constant over the years. Although fecal cultures were not performed on all the patients in our study, we can assume that cholera was common. In severe cholera, the stool contains high concentrations of sodium; therefore, there was a concern that patients with cholera, especially adults whose stool sodium concentration is much higher than that of children, would be at particularly high risk of hyponatremia when treated with an ORS containing 75 mEq/L of sodium. Although we did not measure serum sodium in our patients, it is reassuring that symptomatic hyponatremia did not occur in older children and adults. Of 21 patients aged 3 years or younger at the Dhaka hospital who had neurological symptoms, 5 (24%) were diagnosed to have that used an ORS containing 67 mEq of sodium, moderate hyponatremia (serum sodium, Ͻ125 mEq/L) was observed in 8.8% of the patients. An increased number of patients with transient hyponatremia was also reported in another study 16 in which adult patients with cholera were treated with reduced osmolarity ORS containing 75 mEq/L of sodium. However, transient mild hyponatremia, which may also occur with old ORS, should be corrected when a normal diet is resumed. A similar view was expressed by the investigators of ORS trials, 25 although concerns and counter arguments continue. 26 Stool sodium excretion in children with acute watery diarrhea caused by organisms other than Vibrio cholerae 27, 28 generally does not exceed the concentrations present in the new ORS formulation, and younger children mostly have noncholera diarrhea, and thus these groups are of less concern.
We used rice-based ORS for patients older than 6 months instead of the standard glucose-based ORS recommended by the WHO. Rice-based ORS has been proven to be beneficial in cholera because it is associated with significantly less purging, 29, 30 and it is equally effective in diarrhea due to other causes. Because patients treated at our hospitals frequently have cholera, the policy of the ICDDRB hospitals is to use rice-based ORS for children older than 6 months and for adults with diarrhea. The concentrations of the salts (sodium, potassium) and bases are the same in the rice-based and glucosebased formulations and, therefore, we think that the results obtained in our study can be safely extrapolated to glucose-based reduced osmolarity ORS.
Other common causes of seizure or altered consciousness in patients admitted to the special care wards are severe infections, such as shigellosis, salmonellosis, sepsis, meningitis, and severe pneumonia. 31, 32 Hypernatremia or hypoglycemia must also be considered in children with diarrhea and seizures, especially in younger children. [33] [34] [35] [36] In our study, convulsions due to hypoglycemia were rare, perhaps because of the use of ORS and the early feeding. Benign convulsions in infants and children with mild gastroenteritis due to rotavirus have also been reported. 37, 38 Although this was a 1-year study covering all seasons with a large sample size, there are some limitations. There was no concurrent control for comparison. Although we have compared the results to the previous year's data, there remains the possibility of bias. No phase 4 clinical trial was performed with the older ORS and thus direct comparison was not possible. This was a hospital-based study and may not be representative of the field situation. However, children and adults treated in the community are likely to have milder illness compared with those presenting to a hospital. Therefore, it is likely that hyponatremia will be even less common with the use of reduced osmolarity ORS in the community.
Besides hyponatremia, seizures in patients with diarrhea, especially in younger children, may occur with other associated conditions (hypoglycemia, hypernatremia, hypocalcemia, hypomagnesemia, shigellosis, sepsis, pneumonia, meningitis, high fever), and it is difficult to determine the actual cause of seizure when 2 or 3 conditions overlap. In addition to hyponatremia, 7 children developing seizures in our study had other conditions: 1 had shigellosis with clinical sepsis and pneumonia, 1 had shigellosis and pneumonia, 1 had shigellosis and hypoglycemia, 1 had pneumonia and hypocalcemia, 2 had pneumonia and clinical sepsis, and 1 had hypocalcemia. All were categorized as having seizures from hyponatremia rather than the other conditions, and all presented with watery diarrhea. Younger children who experienced enteric infection with Shigella species other than S dysenteriae type 1 often present with watery diarrhea, 39 which delays antimicrobial treatment and the benefits of early specific therapy. Based on the experience from our study and other trials, 31, 32, 37, 38, 40, 41 we conclude that diarrheal diseases are most often uncomplicated and simple to treat but a few patients may still present with or develop complications during treatment, irrespective of fluid therapy and whether it is iso-osmolar or hypoosmolar. Therefore, centers treating infectious diarrheal diseases should be vigilant about the development of such complications and should follow a protocolized treatment strategy to handle them. The formulation of reduced osmolarity ORS recently recommended by WHO and UNICEF is safe and can be used in the treatment of all patients with diarrhea, irrespective of their age and the cause of diarrhea.
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